Coral reef integrity is currently threatened by natural and human activity. The reefs of the eastern Brazilian coast, which stand out as the largest and richest of the South Atlantic Ocean, are not an exception. Tourism exploitation, destructive fishing practices, increased pollution and uncontrolled coastal development are the major human impacts on reefs. The creation of new no-taken zones (NTZs) has thus become an urgent issue because NTZs represent the best measure to guarantee the conservation of reef ecosystems, which are considered biodiversity hotspots. The objective of this work was to define priority areas for implementing NTZs in a coastal reef complex located on the eastern Brazilian coast (southern coast of Bahia State, in the Tinharé Archipelago), which is within an environmental protection area (Tinharé and Boipeba Islands State Environmental Protection Area [
da comunidade bentônica de um conjunto de recifes costeiros e calculamos para cada um destes índices quantitativos de prioridade de conservação (IPC), baseados em atributos ecológicos associados à cobertura de organismos bentônicos chaves (corais, macroalgas, algas filamentosas, algas calcárias ramificadas e incrustantes, esponjas e zoantídeos), e também em índices quantitativos relacionados à riqueza de espécies de corais e à idade média dos recifes em questão. De acordo com o IPC, cinco recifes foram classificados como recifes de alta prioridade de conservação. A grande extensão territorial da franja recifal adjacente às ilhas de Tinharé e Boipeba justifica a criação de duas AEUs com formato retangular (formato mais eficiente para esse tipo de unidade de conservação, segundo a literatura especializada). Sugerimos a implantação de duas

Introduction
Despite their ecological and economic importance (Connel, 1978; Reaka-Kudla, 1997; Constanza et al., 1997; Moberg & Folke, 1999; Hughes et al., 2002) , coral reefs have declined during the last 50 years as a result of natural and human impacts along coastal areas (Bryant et al., 1998; Aronson & Precht, 2003; Worm et al., 2006) to such an extent that Bellwood et al. (2004) define the decline as a global crisis for coral reefs. According to Wilkinson (2008) , human activities have destroyed 20% of reefs, while another 35% are threatened. Given the current state of degradation, several studies suggest that between 20-30% of coral reefs need to be protected to ensure the conservation of biodiversity and of the resources and services offered (Souter & Lindén, 2000; Halpern, 2003; Bellwood et al., 2004; Wilkinson, 2004; Roberts, 2003a Roberts, , 2003b Wood et al., 2008) . Because they harbor a large part of marine diversity, coral reefs should be considered priority areas for conservation (Moberg & Folke, 1999; Spalding, 2000) , and the creation of No-taken zones (NTZs), which prohibit any type of anthropogenic activity, is the best instrument for the protection of these ecosystems (Pandolfi et al., 2003; Aronson & Precht, 2006; HoeghGuldberg, 2006) . Recently, based on the urgent demand for reef conservation, the Great Barrier Reef Marine Park in Australia expanded its NTZs from 4.5% to 33% of the reef area (Wilkinson, 2004; Fernandes et al., 2005) .
In coral reefs, the exclusion of human use promoted by NTZs allows the recovery and maintenance of ecological integrity (Edmunds & Carpenter, 2001) . A consequence is increased environmental resilience resulting from the recovery and stabilization of populations of functional groups, such as herbivorous and carnivorous fish, which control algae populations capable of eliminating corals by competition and perform top-down control in trophic webs, respectively Bellwood et al., 2004; Mumbay, 2006; Nystrom, 2006; Moura et al., 2007; Mumbay et al., 2007; Francini-Filho & Moura, 2008; Nyström et al., 2008) . NTZs also facilitate an increase in the number, size and reproductive ability of populations and facilitate the recovery of neighboring environments, serving as natural repositories for the migration of larvae, juvenile and adult organisms (McClanahan et al., 1999; Bellwood et al., 2004; McClanahan, 2006) . The economic importance of coral reefs for much of the coastal population makes it impossible to exclude their use entirely (Kalikoski, 2007) . For this reason, studies that aim to select potential sites for the establishment of protected areas should consider a number of criteria designed to reflect the patterns and processes of the environment at a particular scale (Salm et al., 2000) . According to Roberts et al. (2003a) , the efficiency of a NTZ is related to the integrity of the environment; thus, an area with greater environmental integrity provides more benefits to the environment in general. For marine ecosystems, Salm et al. (2000) together with the International Union for the Conservation of Nature (IUCN) established the following useful criteria for identifying priority areas for conservation: (1) biodiversity, not only of species but also of populations and ecosystems; (2) representativeness, which expresses how the species of a given area reflect the biodiversity of the biogeographical area; (3) the degree of naturalness, which expresses the influence of human interference; (4) the degree of integrity, which indicates the resilience of the ecosystem; (5) the degree of dependency, defined as the importance of a particular area for an adjacent ecosystem; (6) uniqueness, which is the amount of endemism; (7) productivity, which reflects the system's ability to generate and maintain biomass; and (8) vulnerability, which reflects the susceptibility of the system to human activities or stochastic effects. In Brazil, as in other parts of the world, numerous human impacts threaten the health of coral reefs (Leão & Kiluchi, 2005; Loiola et al., 2013) , endangering the goods and services offered, including fish stocks and aesthetic enjoyment through tourism (Constanza et al., 2007) , and therefore the viability of coastal communities that rely on the commercial exploitation of reef areas (Kalikoski, 2007; Moura et al., 2007; FranciniFilho & Moura, 2008) . Within the national scenario, the Brazilian east coast brings together the largest and richest coral reefs of the South Atlantic Ocean (Leão et al., 2003) , harboring a fauna of corals and fish marked by high rates of endemism (Leão et al., 2003; Moura, 2002) . Thus, the east coast of Brazil should be considered as a key area for the conservation of these systems. In this context, the objective of this work was the ecological description of the benthic community associated with a set of coastal reefs located on the east coast of Brazil, in the south of the state of Bahia (the islands of Tinharé and Boipeba), that are within the limits of a marine conservation unit (State Environmental Protection Area of the Tinharé and Boipeba Islands -'Área de Proteção Ambiental Estadual das Ilhas de Tinharé e Boipeba'). The most appropriate locations for the establishment of NTZs were identified to ensure the conservation of this group of coastal reefs threatened by uncontrolled urban development. A set of ecological attributes was used to calculate a conservation priority index (CPI) based on criteria including the integrity of the benthic community, the richness of coral species and the reef-building capacity, as defined by Cruz et al. (2013) in a study that choice priority areas for the conservation of the reefs in the Todos os Santos Bay (TSB), Bahia/Brazil. The work aims to provide agencies responsible for managing these reef ecosystems with an unprecedented overview of the status of the coral reefs sampled, indicating possible locations where NTZs can be established, which are hitherto nonexistent in the region (Conder, 1998) and which can serve as repositories of larvae and adults necessary for the preservation and maintenance of stocks of the local marine ecosystem.
Material and methods
Study area
The study area encompasses a set of coastal reefs located on the southern coast of Bahia, at the islands of Tinharé and Boipeba (13° 22' and 13° 40' S and 38° 51'and 39° 03' W; Datum SAD 69) , which are located within a 433 km 2 state environmental protection area ('Área de Preservação Ambiental Estadual'
[EPA]) consisting of an estuarine ecosystem bordered by coral reefs and seagrass banks. This conservation unit, regulated by the National System of Conservation Units ('Sistema Nacional de Unidades de Conservação' -SNUC), is equivalent to category V as defined by the IUCN (Silva, 2005) . According to the criteria defined by Salm et al. (2000) 
Data collection
Data collection was conducted in January and March 2003, applying the video transect technique (Carleton & Done, 2001) , which consists of filming a strip of the reef substrate with defined dimensions along under water line transects using digital video. At each station, six parallel transects were conducted, spaced 10 m apart. The sampled image area was standardized using a 40 cm aluminum rod coupled to the filming system. At this distance, the width sampled by the camera is 0.2 m. Each transect was 20 m long, covering an area of 4 m 2 , totaling 24 m 2 per station. In addition to the video transects, we also collected data on the coral community richness because small species are difficult to identify in the videos (Carleton & Done, 2001; Cruz et al., 2008) .
Image processing
The transects were analyzed by selecting points on successive frames generated throughout the video. Each video transect was separated into 90 frames. Using the program CPCe 3.6, we selected 20 points per frame on an image overlaid with a grid with 450 possibilities. Benthic organisms falling under the randomly selected points were identified. For scleractinians, hydrocorals, zoanthids and octocorals, species-level identification was performed following Laborel (1970) and Hetzel & Castro (1994) , except for the genus Siderastrea due to the difficulty in identifying species of this genus in the field and/or with photography (Neves et al., 2008) . In addition to cnidarians, we identified the following groups: macroalgae, filamentous algae, encrusting and articulated calcareous algae (including rhodophytes and Halimeda sp.), sponges, crinoids, sea urchins and sea squirts. Despite being sampled in the videos, the percentages of octocorals, crinoids, sea urchins and sea squirts were not used in the analysis due to the low estimated values for the stations. The results are expressed as the percentage of cover of the groups of organisms. All the coral colonies were grouped into size classes according to Done (1995) . The colony size classes varied in 5 centimeter intervals from under 5 cm to over 30 cm in diameter. The data were presented as the number of colonies per class per square meter.
Conservation priority index (CPI)
A CPI was calculated for each station following Cruz et al. (2013) . The calculation was based on nine ecological attributes estimated from the empirical data collected: (1) index of coral species richness, (2) index of mean coral colony age, (3) percentage of coral cover, (4) percentage of cover of encrusting calcareous algae, (5) percentage of cover of articulated calcareous algae, (6) percentage of cover of macroalgae, (7) percentage of cover of filamentous algae, (8) percentage of cover of sponges and (9) percentage of cover of the zoanthid Palythoa caribaeorum. Table 1 presents the rationale for each of the criteria used. Because of the differences among the units of measurement of each attribute, the scores were converted into dimensionless numbers (Table 1 ) so they could be used to create a distinctive CPI for each station, as follows: CPI = S(R i x C i ) where R i is the rank value for the abundance of attribute 'i' (1-5), and C i is the weighting of the 'i' attribute based on its ecological role and total abundance in the overall dataset. Therefore, attributes that are functionally important but are rare in the study area, such as the density of coral recruits or the percentage of cover of herbivorous urchins, did not significantly affect the CPI. The R i abundance values were therefore progressive (for desirable attributes) or regressive (for the attributes that when significantly abundant are sympto-matically neutral or harmful to reef construction and/or recovery of building corals). Thus, the coral richness, mean colony age and coverage of corals and calcareous algae (encrusting and articulated) were progressive attributes (intervals increasing from 1-5 according to the increase in raw scores), while the coverage of macroalgae, filamentous algae, sponges and zoanthids (P. caribaeorum) were all considered negative attributes (interval classes decreasing from 5 to 1 as the raw value of the scores increases). The per capita weighting of each attribute type was assigned subjectively based on literature reviews, and its C i was calculated as the product of its weight per capita and its global maximum in the sampled dataset. Before being scaled from 1 to 5, the scores were standardized to a scale of 0 to 100, which represents the absolute value of benthic coverage for the benthic attributes measured as a percentage of the total cover or a score relative to the maximum value observed for the numerical attributes (such as the index of species richness and the mean age index calculated for the coral colonies). The species richness index of corals for each station was calculated as follows:
where S i is the proportion of reefs where the species occurs, with 'i' equal to 1 for common species (> 50% of the stations), 2 for uncommon species (26-50% of the stations) and 3 for rare species (≤ 25% of the stations). Table 2 present the number of reefs where each coral species was identified and, consequently, the value of each species based on the proportion of reefs where the species occurs. The index of mean age of coral colonies for each of the stations was calculated as follows:
where A i is the mean class 'i' (in years), and M i is the proportion of individuals in the size class 'i'. The index of age of the corals was estimated from the size of the sampled colonies of species with known annual growth rates, more specifically Mussismilia braziliensis Score both rare species and number of species (Done, 1995) . Progressive 15,0 -100
Reflects both the abundance of corals and reefbuilding community maturity (Done, 1995) , Kyears.
Progressive 157,0 -150
Coral cover
Corals are the major builders of the reef structure (Jameson et al., 1998 , Knowlton & Jackson, 2001 McField & Kramer, 2007 These algae can be important producers of calcium carbonate, contributing sediments that fill the pores of the reef structure (Leão & Ginsburg, 1997 , Leão et al., 2006 .
Macroalgae cover
Macroalgae are agressive coral competitor (Lirman, 2001) . They are principal causes for the decline of coral reefs (McCook, 1999; McCook et al., 2001; Bellwood et al., 2004; Hoegh-Guldberg, 2006) . Cause a permanent stage alternative in reef community Norström et al., 2009) . High abundances can indicate eutrophication and/or overfishing of herbivorous fish (Bellwood et al., 2004; HoeghGuldberg, 2006 Sponges, in addition to eroding reefs (Gly nn, 1997), can be a coral competitors (Diaz & Rützler, 2001) . High coverage of sponges characterizes an alternative stage in reef community (Norström et al., 2009) and may indicate eutrophication (Diaz & Rützler, 2001 (Cruz et al., 2013) .
Statistical analysis
We used non-parametric multidimensional scaling (MDS) to visualize the ordination pattern of the sam pled reefs represented by the percentage of cover of benthic groups, indices of mean colony age and coral species richness. The MDS plot was subsequently subdivided into three distinct domains associated with the CPI. Thus, three reef categories of high, medium and low conservation priority were identified. The ordination analysis was performed using PRIMER 6.0 (Plymouth Routines in Multivariate Ecological Research) and was based on the Bray Curtis similarity index (Riegl & Luke, 1998; Clarke & Warwick, 2001; McField et al., 2001; Khalaf & Kochzius, 2002) . 
Results
Characterization of the benthic reef communities
Sponges and zoanthids were rare overall, with coverage values across the nine stations equal to, or very close to zero (Table 3) . Macroalgae showed, almost always, the greatest abundance according to the video-transect data.
Only at the PMOR station (Boipeba), with the equivalent of 14.3% cover, was this class of organisms not the most abundant in terms of percentage of cover. The highest macroalgal cover value was observed at Mateus station on the island of Boipeba, where the organisms covered 72% of the reef substrate. At the Massabuçu and Cais stations in Boipeba Island and at the Boca da Barra Norte station in Tinharé Island, the macroalgal cover exceeded 50% (Table 3) . Filamentous algae were most abundant at the Ponta dos Castelhanos station (Boipeba), with a cover value of 20%. The lowest value was observed at Cais station, where filamentous algae covered 2% of the sampled reef area ( (Table 3) .
Conservation priority indices (CPIs)
The values calculated for the conservation priority indices ranged from 97 to 1110 (Table 4) . Stations Boca da Barra Norte, Ponta dos Castelhanos, Piscinas de Moreré, Tassimirim and Boca da Barra Sul were considered reefs of high conservation priority according to the attributes defined by Cruz et al. (2013) . The two worst indices were calculated for the Mateus (97) and Cais (167) stations. These two reefs were classified as having low conservation priority. The Massabuçu and Ilha do Caitá stations were classified as reefs of intermediate conservation priority. According to the MDS plot, three distinct reef categories were grouped according to the ecological attributes considered (Figure 2 ).
Discussion
The reefs studied are characterized by a high percentage of algal cover, especially macroalgae, low percentages of sponge and zoanthid cover and a satisfactory per centage of coral cover. Algae naturally occupy a considerable portion of the reef substrate. Globally, algal cover, particularly macroalgae, has increased dramatically in many reefs in response to environmental impacts, such as global warming, decreasing water quality (increased sedimentation and nutrient enrichment) and decreasing biomass of herbivorous organisms (McCook, 1999; McCook et al., 2001; Jompa & McCook, 2002) . The consequence of dramatic increases in algae abundance on reefs is the emergence of phase shifts in which the algae, which include competitor, tolerant and nonreef-building organisms (with the exception of encrusting calcareous algae), tend to cover corals, directly affecting the construction of the reef structure and hence the associated biodiversity (McCook, 1999; Lirman, 2001; Nughes, 2002; Nughes & Roberts, 2003; Nughes et al., 2004) . The values observed for the coral commu nities reflect the pattern of Brazilian reefs, which are usually characterized by low abundance percentages and low richness (Leão et al., 2003) compared, for example, to Caribbean and Indo-Pacific reefs (ReakaKudla, 1997; Hughes et al., 2002) . The reefs studied are within the geographic boundaries of an environmental protection area (Tinharé and Boipeba Islands EPA), the implementation of which was aimed to protect an area of significant environmental value, aligning development with environmental conservation of the area, with the objective of improving the quality of life of local populations and promoting adequate protection of the ecosystems for the permanent and sustained enjoyment of present and future generations (Conder, 1998) . Fragments or remnants of tropical forest, sandbanks, mangroves and coral reefs are among the most appealing ecosystems for conservation within this EPA. These landscapes, among oth ers, were defined as rigorous protection zones ('Zonas de Proteção Rigorosa'), a category that restricts anthropogenic activities that result in damage to the ecosystem and allows tourism, research and fishing by traditional communities in a controlled manner (Conder, 1998) .
For developing and implementing a management plan that enables more efficient environmental planning and management, quantitative and qualitative knowledge of the natural resources and human activities undertaken in an area are required (Fernandez et al., 2005 (Fernandez et al., , 2009 . Despite recognition of the value of coral reefs in the current management plan, no study to describe the ecosystem in detail had been conducted. A detailed description enables an evaluation of the health of the environment in question and, consequently, the definition of priority areas for conservation (DeVantier et al., 1998; Beger et al., 2003) . In the present study, the ecological status of the reefs was assessed according to a number of attributes related to the reef's benthic community in addition to indicators of the mean age of the reefs and quantitative indices associated with the richness of the coral fauna, as suggested by Cruz et al. (2013) . From the results, it was possible to identify the areas where, based on these ecological descriptors, it is most advantageous to invest in conservation. According to Cruz et al. (2013) , the indices used here were effective in defining priority areas for conservation of the reefs in Todos os Santos Bay (TSB). Nevertheless, the authors emphasize that the indices should not be interpreted as indicative of preserved or degraded reefs because the indices are related only to the current state of conservation of these environments. It is noteworthy that the three criteria adopted are complementary, thus offering a more complete assessment of environmental quality, as because each index evaluated the reefs based on different ecological parameters.
In the specific case of Brazilian reefs, ecosystems that remain understudied, the use of criteria associated with bio-construction (an index of mean reef age) may skew the results of the computed indices due to the lack of knowledge about the growth rates of some reef-building species (e.g., Porites astreoides, P. branneri and Millepora alcicornis) because the estimate of accumulated ages of colonies is based on previously described colony sizes and growth rates (Cruz et al., 2013) . Nevertheless, for the reefs studied here, the most abundant species are exactly those with known annual growth rates: Mussismilia braziliensis, M. hispida, M. harttii, Montastraea cavernosa and Siderastrea spp. (Suggett et al., 2012) , which represent approximately 86% of the estimated coral cover of the sampled reefs. Among the species with unknown growth rates that were recorded, M. alcicornis was the only species that showed a significant percentage of cover (12%). Greater knowledge of Brazilian reefs, especially in relation to the ecology of native coral species, is thus required so that corals can be optimally used as good models and ecological indicators in conservation studies. Based on the 9 attributes considered in the calculation of the CPI and in the qualification of the conservation priority status of reefs (high, intermediate or low), attention should focus on establishing NTZs in the highpriority reefs of Boca da Barra Norte, Ponta dos Castelhanos, Piscinas de Moreré, Tassimirim and Boca da Barra Sul because the efficiency of an NTZ is directly associated with the environmental quality of the area (Roberts et al., 2003b) . With the establishment of NTZs, these reefs can function as repositories of reef marine life (McClanahan et al., 1999; McClanahan, 2006) , acting directly in the recovery of reefs that today are under more pronounced states of degradation, such as reefs of intermediate conservation value (Massabuçu and Caitá) and reefs classified as low priority for conservation (Cais and Mateus). The recovery of these reefs is directly related to compliance with the standards presented in the management plan prepared for the islands' EPA (Conder, 1998) , which prohibits destructive human use, such as the practices of overfishing and destructive tourism. These areas would also benefit from the establishment of NTZs, which would serve to enable the recovery of depleted reef stocks (Edmunds & Carpenter, 2001; Pandolfi et al., 2003; West & Salm 2003; Bellwood et al., 2004) . Two central objectives have motivated the establishment of most marine reserves: conservation and sustainable supply for human use. Conservation objectives include, among others, (1) biodiversity conservation, (2) conservation of rare species and species with restricted distributions, (3) conservation of genetic diversity, (4) preservation and/or restoration of natural ecosystems at a local and regional scale and (5) conservation of areas vital to vulnerable life stages. Humanuse objectives include (1) management of fish stocks (using protected areas to sustain or increase production, restore or rebuild stocks of overexploited species and provide insurance against management failures), (2) recreation, (3) education, (4) research and (5) aesthetic requirements (Roberts et al., 2003a; Roberts et al., 2003b) . The Tinharé and Boipeba Islands EPA includes as goals both the conservation and sustainable use of the natural resources by the human population (Conder, 1998) . However, the minimum degree of protection (without excluding use) is not the best way to meet these goals.
There are different types of marine protected areas (MPAs) around the world, and each type is associated with different levels of protection and use and is implemented through different institutional arrangements. A MPA can be established to support multiple uses, including the establishment of areas of complete exclusion within the span of the EPA. Some authors consider that at least one NTZ is essential to implement a MPA to achieve the goals of biodiversity conservation and restoration of stocks (Aronson & Precht, 2006; McClanhan et al., 2006; Kalikoski, 2007) . To accomplish this objective within the Tinharé and Boipeba Islands EPA, the area should be covered with at least two NTZs. The establishment of the two areas is justified because of the spatial extent of the area where the reefs are located. The distance between the stations that marked the northernmost and southernmost sampled points, is approximately 35 km. Shanks et al. (2003) state that two NTZs should be separated by a maximum distance of 20 km and that exceeding this distance prevents the connection between adjacent benthic populations based on propagule dispersal (spores, eggs and larvae). According to the authors, for NTZs to act as areas of restoration and maintenance of marine diversity, the areas should be circular or rectangular with dimensions between 12.7 and 28.3 km 2 . Moura et al. (2007) suggested the establishment of an NTZ of 18.5 km 2 in the Corumbau Extractive Reserve (Reserva Extrativista de Corumbau, extreme south of Bahia, Brazil), which has shown good results related to the recovery of overexploited fishing resources.
The size and location of the two NTZs proposed for the Tinharé and Boipeba Islands EPA must take into account not only the ecological traits of the sampled reefs but also the use that the local community makes of the region (mainly fishing and tourism) in an attempt to preserve the major reefs with minimal interference in the lives of local people. We therefore suggest two rectangular no-taken zones for the EPA in question (Shanks et al., 2003) , each approximately 12 km 2 , which is the minimum viable size suggested by Shanks et al. (2003) , with one located on the island of Tinharé and the other in Boipeba. Of the five reefs classified as high conservation priority, two are extensively used by local populations, mainly through the extraction of fish (Tassimirim and Piscinas de Moreré) and tourism (Piscinas de Moreré) (M. Loiola, personal communication) . In an investigative study conducted on the reefs of Piscinas de Moreré, Albu-querque et al. (2014) assessed the impact of tourism on the reef fish communities and estimated the presence of hundreds of tourists daily at this reef station. Therefore, the exclusion of human use in these reefs would involve a conflict with the social groups that use the environments as sources of goods and services. However, the other three reefs classified as high con-servation priority, two located on the Island of Tinharé (Boca da Barra Norte e Boca da Barra Sul) and one located in Boipeba (Ponta dos Castelhanos), must be included in any NTZ established. These two areas are separated by a distance of less than 20 km, which, according to Shanks et al. (2003) , would enable connectivity between the benthic populations. We emphasize that based on this design (NTZs of 12 km 2 ), at most one strip of 12 km from a total of almost 40 km, which is the coastal extent of the Tinharé and Boipeba islands, would be closed to human use. Connectivity with other ecosystems, such as mangroves and algal banks, is critical for coral reefs. As dynamic systems, reef environments must be connected to adjacent reefs and associated ecosystems, which act as external sources of resources, such as larvae and juveniles of benthic and nektonic groups. In addition, many key processes, such as reproduction and recruitment, occur at a scale that exceeds the limits of a single reef (Nyström et al., 2000; Cruz, 2008; Moura et al., 2011) . Coral reefs, algal banks and mangroves are not, therefore, independent units but are part of ecologically and hydrodynamically interrelated processes in the marine environment (Nyström et al., 2000; Moberg & Ronnback, 2003) . Therefore, ensuring both the connectivity and conservation of reef environments and their associated marine ecosystems is essential to ensure the protection of this rich deposit of marine biodiversity. Mangroves, in particular, are considered sources of a variety of natural resources and ecological services and also serve as a temporary habitat for a large portion of the fauna associated with reef environments, which depend on mangroves during at least some stage of their life cycles (Moberg & Ronnback, 2003; Moura et al., 2011) . Mangroves are widely represented in the Tinharé and Boipeba Islands EPA and like the coral reefs are considered by the existing management plan to be rigorousprotection zones (Conder, 1998) . Therefore, it is essential to ensure the conservation of mangroves to guarantee the resilience of reefs and fishery sustainability (Nyström et al., 2000; Moberg & Ronnback, 2003) . Simply creating conservation units does not guarantee their effectiveness in the protection of biodiversity. Effective protection requires the responsible managing body to establish appropriate infrastructure, personnel and land regulations that protect the area. Good management plans, appropriate to the reality of the location, are also an important tool for the implementation of CUs (Artaza-Barrios & Schiavetti, 2007) . Tissot et al. (2003) demonstrated through their work in Hawaii that well-established protected areas are fundamental in the protection and conservation of biodiversity. Proper management of the Tinharé and Boipeba Islands EPA should focus on strict prohibition of human use within NTZs and on the control of water quality and of destructive tourism and fisheries practices over the entire EPA. Local participation should be a focus of the management of the unit because several studies (e.g., Kalikoski, 2007 and Moura et al., 2007) indicate that the efficiency of conservation units is directly related to the degree of participation by the local population. These types of measures will enable both the conservation and the recovery of the reefs studied, allowing for the future sustainable use of resources.
Conclusions
Overall, the coral reefs of the Tinharé and Boipeba islands have similar benthic community composition and structure, with high percentages of algal cover (especially macroalgae) and a satisfactory percentage, by Brazilian reef standards, of reef-building corals. Considering the conservation priority index (CPI), the BBNorte, PCast, PMor, Tas and BBSul reefs (in descending order) had the highest CPIs and therefore represent the best areas for the establishment of NTZs. However, the intensive use of the PMor and Tas reefs (Boipeba) by local people complicates the implementation of NTZ systems. The large spatial extent of the EPA, which includes the sampled reefs (35 km), justifies the creation of two NTZs. We recommend the establishment of two rectangular areas covering approximately 12 km 2 of the BBNorte and BBSul reefs (Tinharé) and PCast reef (Boipeba). With this design, only 30% of the coastline of the Tinharé and Boipeba islands would be protected by the exclusion of human use.
